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SUMMARY 
by 
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The Degree of Doctor of Philosophy 
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This thesis examines experimentally and theoretically the 
behaviour and ultimate strength of rectangular reinforced concrete 
members under combined torsion, shear and bending o 
The experimental investigation consists of the test results 
of 38 longitudinally and transversely reinforced concrete beams 
subjected to combined loads, ten beams of which were tested under 
pure torsion and self weight. The behaviour of each test beam from 
application of the first increment of load until failure is pre-
sented o The effects of concrete strength, spacing of the stirrups, 
the amount of longitudinal steel and the breadth of the section on 
the ultimate torsional capacity are investigated. 
Based on the skew-bending mechanism, compatibility, and linear 
stress-strain relationship for the concrete and the steel, simple 
rational equations are derived for the three principal modes of 
fail ure for the following four types of failure observed in the 
tests: 
TYPE I Yielding the reinforcement, at failure, before crushing 
the concrete. 
TYPE II Yielding of the web steel only, at failure, before crush-
ing the concrete o 
TYPE III Yielding of the longitudinal steel only, at failure, before 
crushing the concreteo 
TYPE IV Crushing of the concrete, at failure, before yielding of 
any of the reinforcement 0 
This investigation shows that the interaction equation, 
(T/Tu)2 + (V/Vu)2 + M/Mu = 1, describes the ultimate capacity adequ-
ately only where the complete yielding of the reinforcement occurLS 
For the types of failure above other than yielding the concrete 
in the shear compression zone is involved o The stresses in this 
zone are combined using Cowan's simplified failure criterion for 
concrete under combined stresses o This criterion is simplified 
further in order to obtain a relationship between resultant shear 
torsional stresses, fv, and cylinder compression strength of con-
crete, f~, independent of the bending stress, fm' as fv = s.f~. 
The theoretical solutions are compared with 515 test beams, 
including the author's and reasonable agreement is obtained. 
Keywords: beams; stirrups; torsion; shear; bending 

































































































































































































































































































































































